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Abstract: Facing worldwide environmental and social concerns, manufacturing firms are trying to
adopt effective environmentally friendly actions to mitigate their environmental impacts. Although
the existent literature has provided many insights about the drivers of sustainable product innovation,
little is known about the impact of firm growth. Thus, we intend to contribute to this gap in the
literature by examining the impact that firm growth can have on sustainable product innovation. To
achieve this goal, the partial least square (PLS) modeling technique was used to analyze a dataset
of 3250 manufacturing firms from 39 different countries. The results reveal that firm growth exerts
a positive effect on sustainable product innovation and that the relationship is partially mediated
by the adoption of environmental practices. The findings also indicate that managerial barriers
lessen the effectiveness of the adoption of environmental practices in facilitating the development of
sustainable product innovation, while improving labor conditions increases it. However, operational
barriers do not exert a significant moderating effect between the adoption of environmental practices
and sustainable product innovation. These results prompt interesting insights related to theory
development in environmental management and sustainable product innovation research.
Keywords: firm growth; sustainable product innovation; environmental practices; barriers; labor
conditions; manufacturing firms
1. Introduction
With the adoption of the 2030 Agenda, the United Nations called for action and
presented 17 Sustainable Development Goals (SDGs) with the objective of joining efforts
to address major global challenges. This agenda is committed to achieving sustainable
development in its three dimensions: social inclusion, environmental protection, and
economic development. The challenge to respond to these environmental and social
concerns has dramatically changed the way many businesses operate, and these concerns
have gained considerable attention in industrial activities [1].
Although the manufacturing sector provides substantial opportunities for economic
growth in developing countries, this sector is a source of various forms of environmental
pollution and environmental degradation [2]. Therefore, there is a growing need for
adopting effective environmentally friendly practices that can mitigate the environmental
impacts of this crucial sector. In fact, in the absence of positive environmental initiatives,
manufacturing activities will lead to the exploitation of natural resources, the formation
of huge amounts of waste, and the excessive consumption of energy [3]. Despite this, the
company’s environmental performance and disclosure become increasingly significant
aspects in its competitive success [4]. However, the return on investment for the adoption
of environmental practices has become one of the biggest challenges for manufacturing
firms [5]. Therefore, understanding how environmental practices and other relevant factors
(barriers, working conditions, etc.) influence manufacturing performance is critical.
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In response to these concerns, recent reviews have revealed an increasing interest in
sustainable product innovation research in the last decade [6–8]. An extensive body of
research has focused on studying the most prominent outcomes of this phenomenon: envi-
ronmental, market, financial, economic, and employee performance [9–12] and competitive
advantages [13,14]. Moreover, research efforts have been made to examine the factors that
drive the adoption of sustainable product innovation (see recent reviews [15,16]). External
drivers include market factors [17], regulatory pressures [18], and external stakeholder
pressures [19], while internal drivers include organizational capabilities [20], technological
capabilities [21], and environmental leadership [19], among others.
However, as noted by Tariq et al. [6], extensive research supports the notion that
sustainable product innovation generally drives financial performance, but little efforts
have been made to study financial performance as an antecedent of sustainable product
innovation. For example, we found that Rabadán et al. [22] studied the influence of
financial resources and profit levels in the adoption of eco-innovation in the agri-food
industry. Similarly, Azari et al. [23] demonstrated positive and significant associations
between the firm’s growth ambition and the pursuance of product and business model
innovations in manufacturing and service sectors.
Moreover, although most sustainable innovation research focuses on firm financial
performance and its measures, growing attention is being paid to firm growth. Recent re-
search has empirically found that eco-innovation is positively related to firm growth [24,25].
Costa [26] showed that environmental regulations and environmental taxes enhance eco-
innovation, but public grants are only appropriate in the case of eco-innovations with
external benefits. At this point, eco-innovation needs to be addressed by policy actions
in a structured way, as it is considered a driver of the environmental and innovative per-
formance, generating more sustainable business models and competitive advantages [26].
However, the effect of firm growth on sustainable product innovation has not received
empirical attention. Consequently, with this study, we aim to contribute to address this
gap in the literature, considering firm growth as an antecedent for the implementation or
higher achievement of sustainable product innovation within firms.
According to the resource-based view [27], previous research theorizes that organiza-
tions first acquire resources to build superior capabilities, change organizational practice,
and then achieve superior outcomes (e.g., sustainable product innovation) [28,29]. In this
way, it could be interesting to study the indirect mechanisms that change organizational
practice and improve sustainable product innovation outcomes. The adoption of envi-
ronmental practices is regarded as best practice in regard to the aim of minimizing the
impact of a firm on the natural environment [30]. The adoption of these practices exhibits
the extent to which environmental concerns are integrated into businesses, as environ-
mental management is commonly operationalized through environmental initiatives or
practices [31]. Although the adoption of environmental practices often requires high initial
costs [32], firms that experience growth have more resources, which, in turn, influence the
adoption of environmental practices. Thus, this study also aims to propose the adoption
of environmental practices as a transformation mechanism through which firm growth
influences sustainable product innovation.
In adopting environmental practices, many firms frequently face barriers, such as the
lack of financial resources and managerial commitment, that hinder the effectiveness of
the environmental actions [33]. Operational and managerial barriers play a critical role
when firms address environmental management [34,35]. Therefore, our objective is also
to further explore the role of operational and managerial barriers in moderating the link
between the adoption of environmental practices and sustainable product innovation.
In addition, in pursuing sustainable development, organizations are not only pay-
ing attention to their impact on the environment but also on society. Organizations are
increasingly managing social issues at work, including improving labor conditions, guar-
anteeing human rights, health and safety, gender equality, and the inclusion of disabled
and marginalized people [36]. Labor conditions could represent a key mechanism in en-
Int. J. Environ. Res. Public Health 2021, 18, 2588 3 of 22
vironmental management. When organizations create a positive work environment for
the workforce, employees will be more likely to engage in environmental initiatives of
organizations [37]. Thus, it would also be interesting to investigate the moderating role of
improving labor conditions on the relationship between the adoption of environmental
issues and sustainable product innovation.
To achieve these goals, we used data gathered from Flash Eurobarometer No. 486 [38].
This cross-national sample comprises 3250 manufacturing firms from 39 European coun-
tries. We assess our proposal model using structural equation modeling.
This research makes several contributions to the existing literature. First, this paper ex-
amines the relationship between firm growth and sustainable product innovation, thereby
contributing to the literature on sustainable product innovation by extending its potential
antecedents. Second, our insights enhance the understanding of the mechanisms by which
firm growth affects sustainable product innovation by studying the mediation effect of the
adoption of environmental practices. Finally, we further explore the indirect effects of the
adoption of environmental practices on sustainable product innovation by exploring the
moderating roles of operational and managerial barriers, as well as the improvement in
labor conditions. By doing so, this study contributes to the literature on environmental
management by shedding light on the factors that influence the effectiveness of environ-
mental management, and it also contributes to the understanding of managing social issues
in environmental management.
The remainder of this paper is organized as follows: the next section presents the
theoretical model and proposes the five hypotheses; Section 3 describes the methodology
and presents the analysis and results; the last section of the paper discusses theoretical
contributions, managerial implications, and the limitations and presents the guidelines for
future research.
2. Literature Review and Hypotheses
Considering the increasingly competitive context of the contemporary economy pro-
viding the possibility of offering products in many market segments, firms find the need to
differentiate from competitors by generating sustainable competitive advantages, which
are highly supported by innovation processes [15]. Nowadays, given the environmentally
related growth limits organizations face, innovation is seen as a latent need to be adopted
taking into consideration social and environmental concerns, contemplating organiza-
tional growth through low environmental impact practices, such as sustainable innovation
practices [8,15,39,40].
Concretely, sustainable product innovation successfully combines the exploitation of
new knowledge and sustainability, bringing new products or technologies to the market
while having minimal possible impact on the environment [41–43]. Varadarajan [44] (p. 4)
defined this process as “a firm’s introduction of a new product or modification of an
existing product whose environmental impact during the lifecycle of the product, spanning
resource extraction, production, distribution, use, and post-use disposal, is significantly
lower than existing products for which it is a substitute”. Accordingly, sustainable product
innovation includes products’ technical design, R&D activities, and manufacturing and
management functions, as well as the commercial activities needed to market a new (or
improved) product [45], all of which need to be achieved and supported within the firm.
Although this field of research has been expanding rapidly in recent years [16], we still do
not know very much about it [46].
Many studies have been conducted to detect the drivers and motivations for com-
panies to adopt sustainable product innovation [6,15,16]. Some of them are market-
oriented, including demand characteristics, stakeholders’ behavior, and governmental
regulations [46–50], while others focus on interfunctional collaborations with technology
dissemination, vertical communication [46,51–53], and internal organizational decisions
and management variables, with firm culture and high levels of internal and external
integration representing key factors [15,45,54–57]. Additionally, many scholars have paid
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attention to sustainable product innovation as a driver to improve organization perfor-
mance and competitiveness and business success, which ultimately promote firm growth
(in terms of increased income, for instance). However, very few studies have focused on
the relationship between the growth of a firm and the development of sustainable product
innovation practices, which has been studied (if so) as a consequence of the implementa-
tion of these practices and not as a determinant factor for it [6,24,58]. In fact, economic
performance, success, and firm growth are variables that have mostly been analyzed as
a result of the relation rather than the driver, and above all, regarding environmentally
related innovation practices [16,46,58–62].
2.1. Firm Growth and Sustainable Product Innovation
Some attempts have been made to analyze the effects of certain firm characteristics,
which could resemble various kinds of internal and external growth, on sustainable product
innovation. For instance, Muñoz-Pascual et al. [45] analyzed a firm’s external growth in
the sense of accessing new markets through internationalization strategies as a positive
driving force for sustainable product innovation. In this situation, firms face increasing
competition to the extent that it stimulates their efforts to reduce costs, increase product
quality, and gain in flexibility. This forces them to continuously invest in technology and
update their products [45], adapting them to the new markets and social requirements. As
a consequence of this growth, organizations increase their return and have a better access
to economies of scale, important factors given the considerable fixed costs involved in
product innovation [63] and the resource requirements that sustainability issues entail.
Other examples regarding internal factors can be found in the works of Leonidou
et al. [64] and Rehfeld et al. [65]. On the one hand, both studies connect firm size with
green product innovation, highlighting the positive impact of the size on the firm’s green
innovation practices [16]. On the other hand, Leonidou et al. [64] asserted that the availabil-
ity of slack resources in a firm positively affects the development of sustainable product
innovation. Slack resources are well known in the management literature as the excess
obtained from a firm’s financial resources over those resources needed to maintain its
operations. Thus, slack resources serve as a safeguard from short-term performance needs,
allowing managers to propose new strategies and a longer-term plan for the company [64].
Given the significant short-term expenses that environmental investments require, the
presence of slack resources makes firms better able to make such investments [64,66].
As previously mentioned, the innovation process involves several phases, from dis-
covery to implementation [67], with success outcomes depending on the efforts that a firm
can make. Innovation is costly in general, making resources and efforts for this process
an important player in innovation success [68] and, thus, relying on the resources that
a firm has at their disposal in such practices. This implies that the bigger the firm, the
more successful the sustainable product innovation, given the greater efforts and resources
available to this end.
Technological progress is one of the most important forces enabling sustainable devel-
opment [69,70] and, by extension, sustainable product innovation [15]. Several scholars
have highlighted the great importance of investing in tools and methods by developing new
technologies and qualifying their productive systems, as well as new product development
processes, to be able to embrace environmental sustainability and succeed in sustainable
product innovation [54,71]. Montalvo [72] remarked on the important influence that tech-
nological capabilities (such as qualified HR, equipment, and laboratories) and institutional
capabilities have on the implementation of greener technologies in a firm [15]. In the same
vein, Horbach et al. [18] highlighted resource availability and technological competences as
important internal factors that promote environmentally sustainable product innovation,
as they give firms the capabilities needed to find a way to respond to external environment
requirements and inputs more efficiently
Concretely, sustainable product innovation requires financial, human, and time re-
sources to be developed, and they will be more easily available if a firm has grown in terms
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of revenue generation and increased in workforce. Additionally, prior studies following
the resource-based view theorize that organizations first acquire resources to build superior
capabilities, deploying these resources and capabilities afterwards to change organiza-
tional practice, thereby finally achieving superior performance outcomes (e.g., sustainable
product innovation) [27–29].
To the end, we think that high levels of firm growth may reflect a greater chance of in-
vesting in sustainable product innovation. Consequently, we posit the following hypothesis:
Hypothesis 1 (H1). Firm growth is positively associated with sustainable product innovation.
2.2. The Mediating Role of the Adoption of Environmental Practices
The recent worldwide reinforcement of environmental regulations (as well as the need
for compliance with them) has motivated firms to adopt environmental practices as part of
their daily activities [73]. Environmental practices are regarded as the best practices aimed
at minimizing the impact of the firm on the natural environment [30]. Thus, their adoption
exhibits the extent to which environmental concerns are integrated into environmental
management in businesses, which is commonly operationalized through environmental
initiatives or practices [31].
Some of the environmental practices that firms can adopt relate, for instance, to the
analysis of a product life cycle or eco-design, which is becoming a global trend above all
in the engineering, architecture, and design fields of expertise [62]. With these practices,
organizations gain ideas for the development of new products, systems, and services
and, at the same time, the optimization of the production process while minimizing their
environmental impact through the use of non-renewable resources [62]. Other highly used
and adopted environmental practices are cleaner production methodologies, the reuse or
recycling of materials, energy saving efforts and the use of sustainable energy sources, and
reductions in the consumption of natural resources (e.g., saving water), which help firms
to reduce their waste and emissions [46].
Several scholars have made efforts to identify the key drivers of these practices [74,75],
also focusing on the manufacturing sector [76,77], and they highlighted the key role of
industry and the cultural environment on the assimilation of environmentally friendly
behaviors [1]. Concretely, the most important and effective drivers identified in the litera-
ture regarding the adoption of environmental practices in firms are related to regulations,
customer pressures (external), top management support, employee commitment, and cost
savings [1].
Intense debate has been held in the literature regarding the relationship between
environmental practice adoption and financial performance [78–80], with research being
mostly focused on the impact that the adoption of environmentally friendly actions has
on a firm’s performance [81,82] despite the uncertainties of the bidirectional relationship,
which “have been called into question” [1] (p. 692). More concretely, in manufacturing
industries, the literature expands on this debate, showing mainly positive results in the
relation [61,83,84].
However, in regard to this debate, we think that a firm’s performance and growth can
be drivers of environmental practice adoption. As previously discussed, firm growth via
revenue generation and increases in workforce, for example, provides available resources
(financial, human, and time resources), access to new resources and knowledge [85], and
the development of the capabilities needed to implement environment-related practices
within a firm. Muñoz-Pascual et al. [45] highlighted the main factors leading to the
adoption of environmental practices in terms of exports, investments in human resources,
organizational learning capabilities, and knowledge sharing. We see all these elements
related to firm growth in the sense that the more the firm increases in size, the more
successfully these practices are achieved and the greater the effects they have on the
company in terms of environmental concerns.
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As Miras-Rodríguez et al. [1] stated, there is no doubt about the major investments
that the adoption of environmentally friendly actions requires in a firm in terms of training
and equipment improvements and acquisitions. Additionally, these costs are easily rec-
ognizable, but this is not true for the benefits given the time lags they usually entail [86].
Therefore, it is widely accepted in the literature that the adoption of environmental prac-
tices frequently entails high initial costs [1,32], and firms that experience growth have more
resources to invest, which, in turn, influence the adoption of environmental practices.
On the other hand, it has been proven in the literature that the adoption of environ-
mental practices has a direct effect on sustainable product innovation [15,45,46], creating an
immediate and visible improvement in organizational efficiency and firms’ product inno-
vation processes [87]. In this sense, Muñoz-Pascual et al. [45] concluded that the adoption
of environmental practices is positively related to product innovation, which leads to this
becoming sustainable product innovation. This may be due to the need for applying more
efficient consumption methods and waste recycling during sustainable product innovation
processes, reducing a firm’s operational costs afterwards [88]. Following this, the literature
further argues that achieving a proactive environmental strategy needs changes in firm
routines and operational methods promoted by environmental practices [57], and that the
adoption of these practices also assists in reaching better safety standards and healthier
working conditions [89]. Chen [55,56] showed the need for developing a set of green
competences that influence management processes to achieve superior sustainable product
performance. More concretely, Hemel and Cramer [54] listed the main solutions that most
companies use to develop environmental innovation: investing in material recycling and
energy consumption, using recycled materials, and extending product lifespans.
Having established the connections between firm growth and the adoption of envi-
ronmental practices and between the adoption of these practices and sustainable product
innovation, we now consider the question of how firm growth influences sustainable
product innovation by integrating environmental practices within the management and
operations of the firm. Central to our argument is the idea that those firms that display
sustainable product innovation will not necessarily be those that simply grow but, rather,
it will be those that successfully adopt environmental practices to support firm growth
and finally reach sustainable product innovation. In this sense, the adoption of envi-
ronmental practices, by providing the tools to minimize a firm’s impact on the natural
environment [30], is responsible for translating the financial, technical, human, and time
resources obtained through firm growth into sustainable product innovation success.
On the basis of the above, it seems reasonable that sustainable product innovation is
strongly influenced by the extent and intensity of the adoption of environmental practices,
which, in turn, are dependent on several resources and knowledge to be invested in the
short term that are available with the help of firm growth. Hence, we argue that firm growth
can influence and improve sustainable product innovation by encouraging the use of and,
ultimately, the adoption of environmental practices, leading to the following hypothesis:
Hypothesis 2 (H2). The relation between firm growth and sustainable product innovation is
positively and partially mediated by the adoption of environmental practices.
2.3. The Moderating Role of Managerial Barriers
Managerial barriers reflect the existing insufficiency in the procedures that inhibit the
environmental operation of a company and the adoption of strategies [90,91]. According to
Dubey et al. [92] and Zhang et al. [34], when managerial barriers are high, they can lead
to a lack of environmental commitment, such as poor commitment between functions, an
inefficient organizational culture for environmental management, and the reduction in the
probability of a shared vision of problems between departments. Therefore, the environ-
mental strategy may be less useful in facilitating environmental management actions [92].
Additionally, a high level of managerial barriers can lead to a poor resource base and
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inefficient environmental concern [93]. In turn, a proactive environmental strategy may
not be successful as a consequence of an organization with different interpretations [94].
In general terms, a sustainable and innovative organization simultaneously seeks to
succeed in economic terms while not affecting the availability of resources in its ecosystem
and respecting the capacity to support the environment [62]. Hence, sustainable product
innovation arises as an opportunity to launch “a new product on the market that meets the
pressures brought about by the legislation and the global society” [62] (p. 88). Accordingly,
given the complex nature of sustainable product innovation, cross-functional coordination,
integration, top management support, and resource investment are substantial for the
implementation of it [95,96]. In this sense, a high level of managerial barriers can widen
the relationship between the adoption of environmental practices and the innovation of
sustainable products [97].
On the contrary, when the level of managerial barriers is low, the adoption of environ-
mental practices is more likely to invest in innovation of sustainable products [96,98]. In
addition, an environmentally friendly organizational culture can enable firms to reduce the
gap between its environmental strategies and its real environmental practices [62].
Following this reasoning, it is expected that high managerial barriers will undermine
the relationship between the adoption of environmental practices and sustainable product
innovation. Therefore, we propose the following hypothesis:
Hypothesis 3 (H3). Managerial barriers negatively moderate the relationship between the adoption
of environmental practices and sustainable product innovation.
2.4. The Moderating Role of Operational Barriers
Operational barriers encompass a series of obstacles in operations management sys-
tems, such as poor technical support, high costs, and/or inadequate measurement metrics
to identify and address environmental issues [35,99]. Drawing upon contingency theory,
the success of the proactive environmental strategy depends on the context [94,98]. Previ-
ous works have shown that when the operational barriers are high, they can hinder the
implementation of green operational practices as well as reducing the effectiveness of green
human resource management and environmental legitimacy in facilitating the implementa-
tion of environmental practices [100,101]. In this sense, Bhanot et al. [93] highlighted that a
high level of operational barriers may cause an environment-oriented association to avoid
investing in environmental practices/initiatives according to the low expected return on
investment. Additionally, it is crucial to consider (limited) resources which can reduce
the effectiveness of committed capabilities and important resources, and, therefore, they
need to be divided to address technical hurdles [102]. At the same time, when operating
barriers are high, they can weaken the contribution of environmental management (e.g.,
green human resource management) to the implementation of green operational practices
due to the firm avoiding conducting green operational practices or the low probability of
their successful implementation [62].
According to our research context, little is known about the negative effect of op-
erational barriers in the process of adopting environmental practices and innovation of
sustainable products. Accordingly, the expected low availability of resource commitment
and high uncertainty of environmental practices in the context of high operational bar-
riers can detract from the successful implementation of sustainable product innovation
by companies. On the contrary, a low level of operational barriers can make firms bet-
ter at identifying underperforming key sustainable operational problems and taking full
advantage of the commitment of resources to efficiently solve environmental issues [34].
In this context, the adoption of environmental practices can contribute to the imple-
mentation of sustainable product innovation more efficiently. Accordingly, it is expected
that high operational barriers will undermine the relationship between the adoption of
environmental practices and sustainable product innovation.
Thus, we propose the following hypothesis:
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Hypothesis 4 (H4). Operational barriers negatively moderate the relationship between the adoption
of environmental practices and sustainable product innovation.
2.5. The Moderating Role of Labor Conditions
Social performance refers mainly to indicators such as improvement in the safety
and health of employees, better working conditions, and fair treatment of workers in
terms of equity and diversity [36]. Consequently, this management makes employees
more motivated and more environmentally aware and, as a consequence, generates greater
innovation [45]. For many organizations, providing an enjoyable and healthy workplace
for employees has become essential. Previous works have demonstrated that the well-
being of workers and their labor conditions influence the attitudes, perceptions, and
behaviors of employees and, consequently, the success of the organization [103]. This is the
reason why employees with greater well-being perform their work productively, which
benefits the company as employees engage and display pro-environmental behavior in
the workplace [104]. Therefore, firms around the world are increasingly encouraging their
employees to engage in voluntary pro-environmental behavior to enhance environmental
performance [105].
Previous work has shown that when companies create a favorable work environment
for employees, the employees are more likely to engage in the green initiatives of the organi-
zation [37]. In this sense, the establishment and achievement of various pro-environmental
initiatives employed at the company level depend on the pro-environmental behaviors
of employees [106]. According to Andersson et al. [107], employee green behavior refers
to any evaluable behavior of an individual that contributes to achieving environmental
sustainability in the workplace. According to De Roeck and Farooq [108], this behavior is
associated with environmentally friendly behavior that employees perform in a company,
such as reusing materials and maintaining sustainable policies, among others. For example,
in the study conducted by Ahmed et al. [37], the pro-environmental behavior that employ-
ees display in the workplace in regard to the protection of the natural environment includes
printing on both sides of paper, turning off the lights, cleaning the working environment,
and using stairs instead of elevators. The adoption of environmental practices assists in the
achievement of better safety standards and healthier labor conditions [89].
As such, it is expected that positive labor conditions will strengthen the relationship
between the adoption of environmental practices and sustainable product innovation.
Based on this argument, we propose the following hypothesis:
Hypothesis 5 (H5). The improvement in labor conditions positively moderates the relationship
between the adoption of environmental practices and sustainable product innovation.
The conceptual model for this research and the formulated hypotheses are presented
in Figure 1.
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3. Data and Methodology
3.1. Sample
Eurobarometer surveys are conducted on behalf of the European Commission and
examine public opinion and behavior on many different topics. Data were gathered
from the “Flash Eurobarometer No. 486: SMEs, start-ups, scale-ups and entrepreneurship”
survey [38]. This specific survey covers interesting topics, such as sustainability, innovation,
and digital technologies. Access to this cross-national database was provided by the GESIS.
Use of the Eurobarometer surveys is relatively common in environmental management
empirical research (e.g., [109,110]).
The fieldwork was conducted between February and May 2020. Interviews were
conducted by phone in their respective national language. The sample data in the study
consist of 16,365 companies and cover many sectors from 39 countries. These countries are
27 European countries and 12 non-EU countries to have a comprehensive view of different
continents around the world.
As this study only focuses on manufacturing firms, we discarded all cases of com-
panies that do not belong to the manufacturing sector (13,115 cases). Therefore, the used
sample is composed of 3250 firms from the manufacturing sector. Table 1 shows the main
characteristics of the sample. The sample is clearly dominated by small and medium-sized
entreprises (SMEs). Two fifths of the sample is composed of microenterprises with fewer
than 10 members of staff (40.1%), and there are 906 firms with between 10 and 49 employees
and 745 firms with between 50 and 249 employees. Moreover, EU countries represent
76.36%, while non-EU countries represent 26.64% of our sample.
3.2. Measures
Table A1 in Appendix A shows the detailed questionnaire items for each one of the
variables of the study.
3.2.1. Dependent Variables
To measure sustainable product innovation, we used two items extracted from the
Eurobarometer survey: (1) the introduction of innovation with environmental benefits, in-
cluding innovations with an energy or resource efficiency benefit during the past 12 months,
and (2) if the firm is actively developing sustainable products. Prior empirical studies have
also used dichotomous variables as measures of innovation outcome (e.g., [111]).
3.2.2. Independent Variables
Firm growth was operationalized in terms of employees and turnover growth since
2016. These two variables were recodified in dichotomous variables (1 = if the firm
has grown by less than 30% or by at least 30% and 0 = if the firm has decreased or
remained stable). Therefore, after the recodification process, these variables (employees
and turnover growth) result in dichotomous variables (1= firm growth and 0 = no firm
growth/firm decline).
The adoption of environmental practices was measured by practices that firms are
actively adopting. The scale includes three dichotomous variables: (1) recycling or reusing
materials, (2) reducing consumption of or impact on natural resources (e.g., saving water
or switching to sustainable resources), and (3) saving energy or switching to sustainable en-
ergy sources. Previous research has used similar environmental practices to operationalize
this construct (e.g., [45,112]).
Operational and managerial barriers were measured by two dichotomous variables
covering whether the company faces any of these barriers to innovation. Managerial
barriers consist of the following variables: (1) lack of skills, including managerial skills, and
(2) lack of willingness among management staff. Operational barriers were operationalized
through these variables: (1) lack of technology infrastructure, and lack of financial resources,
including those from available support schemes. These two dimensions are composed of
similar variables to those in previous studies (e.g., [34]).
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Table 1. Sample distribution (N = 3250 manufacturing firms).
N %
Size
1–9 employees 1304 40.1
10–49 employees 906 27.9
50–249 employees 745 22.9
250 employees or more 267 8.2
Country




























Non-EU countries 768 23.64







North Macedonia 47 1.4
Serbia 56 1.7
Turkey 81 2.5
United Kingdom 53 1.6
United States of America 100 3.1
Finally, the improvement in labor conditions was operationalized through two di-
chotomous variables: improving the working conditions of employees and promoting and
improving diversity and equality in the workplace.
3.2.3. Control Variables
To account for possible alternative explanations, we included a set of variables at the
organizational level of analysis. In accordance with previous research, we used control
variables regarding organizational characteristics and corporate finance [113]. Firm age
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was operationalized by the duration from the year in which the firm was established to
the sample year (2019). Firm size was measured by the number of employees. Finally, the
annual turnover was measured categorically, represented by eight categories: 150,000 or
less; more than 150,000 and up to 760,000; more than 760,000 and up to 1.5 million; more
than 1.5 million and up to 3 million; more than 3 million and up to 7.6 million; more than
7.6 million and up to 15 million; more than 15 million and up to 76 million; and more than
76 million.
3.2.4. Common Method Bias
Data collection from different sources is the most ideal research method in behavioral
sciences to avoid common method bias (CMB). However, the anonymity policy of the
European Commission did not allow us crossing data from the database used in this study
with data from other sources to assuage CMB [114]. We therefore applied statistical methods
as CMB might potentially be present in the dataset since all the dependent and independent
variables in this study were collected at the same time from the same respondent. First, we
used Harman’s single-factor method [114] as it was commonly used in previous research
(e.g., [115]). All survey items were included in the model to assess if most of the variance
was accounted for by one general factor. We carried out a principal component analysis
with the unrotated solutions. The results show that, in addition to extracting five factors
based on eigenvalues over 1, the variance explained by the general factor was 19.9. This
result indicates that CMB is not a major concern in the study.
Second, following the recommendations of Kock [116], CMB can be addressed by
analyzing the full collinearity of the PLS model. In this analysis, all the variables will be
regressed against a common variable and the variance inflation factor (VIF) values must not
exceed the threshold of 3.3; if this result is attained, then no bias from the single source data
is present. The obtained VIF values fulfill the threshold criteria. Thus, both approaches
indicate that CMB is not a serious concern in this study.
3.3. Analysis
We used structural equation modeling (SEM) to test the proposed hypotheses. Smart-
PLS 3.2.8 was applied to conduct statistical analysis. Partial least square PLS-SEM is a
multivariate, non-parametric technique employed for estimating path models with latent
variables [117]. According to Hair et al. [117], several reasons can be put forward for this
choice. First, PLS path modeling is acknowledged as a suitable analytical technique for
causal-predictive analysis. Second, PLS-SEM is an appropriate method for examining
complex research frameworks, particularly for research models involving mediation and
moderation. Third, this technique works with any type of variable (ordinal, categorical,
or dichotomous variables) [118]. Finally, PLS-SEM has been widely employed in previous
innovation research (e.g., [119]).
Two stages of evaluation of PLS-SEM modeling are carried out [117]. In the first stage,
an evaluation of the measurement model is investigated for validity and reliability. In the
second stage, an evaluation of the structural model is carried out for hypothesis testing.
3.4. Measurement Model Evaluation
For the measurement model, composite reliability (CR), the loadings, and average
variance extracted (AVE) were assessed. Table 2 shows the results. The values for CR
were also well above the 0.70 value, which indicates good internal consistency between
items in a construct. The loadings were acceptable, with only two loadings being less than
0.732 [120]. Moreover, AVE values were above the recommended threshold of 0.50. Both
loadings and AVE values adequately demonstrate convergent validity [121].
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Table 2. Item loadings, average variance extracted (AVE), and composite reliability (CR) assessment.
Construct Indicators CR Loadings AVE
Firm growth FG1 0.823
0.907
0.701FG2 0.761






Managerial barriers MB1 0.797
0.761
0.663MB2 0.864
Operational barriers OB1 0.718
0.937
0.579OB2 0.528
Improvement in labor conditions LC1 0.823
0.834
0.701LC2 0.896
Sustainable product innovation SPI1 0.781
0.732
0.642SPI2 0.864
Next, we examined the measurement model for discriminant validity, and for this,
we used heterotrait–monotrait (HTMT) criteria. HTMT analysis has proven to be supe-
rior among the methods for assessing discriminant validity [122]. Table 3 indicates that
HTMT ratios were below the threshold value of 0.85. Hence, discriminant validity is also
accomplished.
Table 3. Heterotrait–monotrait ratio (HTMT).
Construct 1 2 3 4 5 6 7 8
1. Firm growth
2. The adoption of environmental practices 0.113
3. Managerial barriers 0.057 0.224
4. Operational barriers 0.130 0.256 0.570
5. Improvement in labor conditions 0.161 0.741 0.296 0.282
6. Sustainable product innovation 0.191 0.826 0.112 0.211 0.702
7. Firm age 0.070 0.017 0.031 0.054 0.021 0.047
8. Firm size 0.028 0.025 0.051 0.035 0.016 0.084 0.035
9. Turnover 0.206 0.278 0.027 0.165 0.265 0.319 0.018 0.139
3.5. Structural Model Evaluation
After processing the measurement model, the structural model must be estimated.
This process was conducted through the bootstrapping approach, with a 95% significance
interval and 5000 subsamples, as recommended by Hair et al. [117].
For this procedure, we included the coefficient of determination (R2), predictive
relevance (Q2), and the variance inflation factor (VIF). Table 4 shows the results of the
assessment of the structural model. First, R2 evaluates the quality of the adjusted model.
The condition for the dependent variables’ R2 values is that they should be greater than
or equal to 0.10 [118]. As shown in Table 4, the values of R2 are above the recommended
value and indicate a slightly moderate level of predictive accuracy [117]. Next, Stone–
Geisser’s predictive relevance (Q2) values were calculated in order to assess if the data
points of indicators in the reflective measurement model of the endogenous construct can
be predicted accurately. The interpretation of the value takes 0 as a reference level, and the
model has a predictive value when the indicator is positive. The Q2 values were greater
than zero, indicating strong predictive power. Finally, the traditional variance inflation
factor (VIF) evaluates multicollinearity problems. The VIF values were lower than the
threshold value of 3.3, indicating no collinearity between the independent and dependent
variables [123,124].
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Table 4. Results of the structural model.
Construct R2 R2 Adjusted Q2 VIF
Firm age - - 1 1.006
Firm size - - 1 1.023
Turnover - - 1 1.19
Firm growth - - 0.160 1.038
Managerial barriers - - 0.077 1.084
Operational barriers - - 0.013 1.082
Improvement in labor conditions - - 0.249 1.364
The adoption of environmental practices 0.155 0.154 0.184 1.345
Sustainable product innovation 0.286 0.284 0.028 1.038
For hypothesis testing, the structural model included several tests, such as estimating
path coefficients and their significance [117]. Table 5 shows the results for the hypothesis
testing. The study findings reveal that firm growth is positively and significantly associated
with sustainable product innovation (β = 0.036, p = 0.008, t-value = 2.405). Hence, we found
support for Hypothesis 1 in our model.
Table 5. Hypothesis testing.
Hypothesis Relationship Path t-Value p-Value Conclusion
Direct effects
H1 FG->SPI 0.036 ** 2.405 0.008 Supported
Indirect effects
H2 FG->AEP->SPI 0.028 *** 4.353 0.000 Supported
Interaction effects
H3 AEP *MB->SPI −0.038 * 2.317 0.010 Supported
H4 AEP *OP->SPI 0.001 0.083 0.467 Not significant
H5 AEP *ILC->SPI 0.145 *** 8.617 0.000 Supported
Control variables
Firm age->SPI 0.022 1.543 0.061 Not significant
Firm Size->SPI 0.034 * 2.211 0.014 Significant
Turnover->SPI 0.074 *** 4.617 0.000 Significant
* p < 0.05; ** p < 0.01; *** p < 0.001. Note: FG = firm growth; SPI = sustainable product innovation; AEM = the adoption of environmental
practices; MB = managerial barriers; OP = operational barriers; ILC = improvement in labor conditions.
We also established that the implementation of environmental practices partially
mediated the relationship between firm growth and sustainable product innovation. To test
this mediation effect, this study examined the significance of the direct and indirect effects
by employing the bootstrapping function of Smart PLS. Hair et al. [117] suggested that if
the indirect effect is significant and the direct effect is not significant, there will only be
indirect mediation (full mediation), while if both indirect and direct effects are significant
and point in the same direction, there will be complementary mediation (partial mediation).
Table 5 shows that the indirect effect was significant (β = 0.028, p = 0.000, t-value = 4.353)
as well as the direct effect. This demonstrates the partial mediation effect in our sample.
Thus, Hypothesis 2 is supported.
For analysis of the moderation effects, we used a two-stage approach as recommended
by Hair et al. [117] for the formative construct. We estimated a different model, introducing
the interaction terms. It should be noted that when three moderators were included, there
was an increase in the explained variance (R2) for sustainable product innovation by 5.3%
(from 0.286 to 0.302) and an increase in the predictive relevance (Q2) of the model by 3.8%
(from 0.176 to 0.183), which indicates the presence of moderating effects. We found that
managerial barriers negatively and significantly moderate the relationship between the im-
plementation of environmental practices and sustainable product innovation (β = −0.038,
p = 0.010, t-value = 2.317), thereby supporting Hypothesis 3. However, we did not find sup-
port for the moderating effect of operational barriers (β = 0.001, p = 0.467, t-value = 0.083).
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Therefore, Hypothesis 4 was not supported in the present sample. Finally, we found that
the improvement in labor conditions significantly moderates the relationship between the
implementation of environmental practices and sustainable product innovation (β = 0.145,
p = 0.000, t-value = 8.617). Consequently, Hypothesis 5 is supported by our data.
4. Discussion and Conclusions
According to our findings, from a generic perspective, this research provides empirical
evidence on the role that some significant variables in sustainable development (i.e., firm
growth, the adoption of environmental practices, operational and managerial barriers, and
working conditions) play in explaining sustainable product innovation. In summary, this
research describes the underlying mechanisms that explain the effect of firm growth on
sustainable product innovation in the manufacturing sector. For a better and complete
understanding of this relationship, this study also analyzes the mediation effect of the
adoption of environmental practices. In addition, the indirect effects of the adoption of
environmental practices on sustainable product innovation are explored in regard to the
moderating roles of operational and managerial barriers as well as the improvement in
labor conditions within firms.
First, this study shows that firm growth in terms of employees and turnover increase
since 2016 contributes to the introduction of sustainable products. Sustainable product
innovation is associated with the introduction of innovation in a firm’s product with
environmental benefits, including energy or resource efficiency. Hence, these findings
reflect that firm growth plays a significant role in the development of sustainable product
innovation. This finding empirically clarifies that when organizations experience long-
term growth, they have more resources to invest and capabilities to develop sustainable
product innovation.
Second, the analyses also validated the positive mediation effect of the adoption of
environmental practices (i.e., recycling or reusing materials, reducing consumption of
or impact on natural resources, and saving energy or switching to sustainable energy
sources) in the relationship between firm growth and sustainable product innovation.
An explanation for the above finding lies in the argument inherent in resource-based
view theory [27]. Once organizations have acquired resources, they can strengthen their
capabilities and change organizational practices, which leads to better outcomes [28,29]. In
this regard, this study confirms the importance of the adoption of environmental actions
as a mechanism to change organizational practice and contribute to better sustainable
outcomes within organizations.
Third, these results show that managerial and operational barriers condition sustain-
able product innovation in different ways. Managerial barriers (i.e., lack of skills, including
managerial skills, and lack of willingness among management staff) have a negative mod-
erating effect, since the relationship between the adoption of environmental practices
and sustainable product innovation demonstrated a weaker link as a consequence of the
moderating effect of high managerial barriers. However, in addition to the findings of the
study conducted by Zhang et al. [34], the findings of this study reveal that operational
barriers (i.e., lack of technology infrastructure and lack of financial resources, including
available support schemes) do not have a moderating effect that explains the link between
the adoption of environmental practices and sustainable product innovation. This might be
due to the fact that the adoption of environmental practices can help organizations address
operational barriers by developing necessary capabilities and enhancing sustainable re-
source application. Therefore, these results reflect the relevance of the managerial barriers
since they decrease the impact of the adoption of environmental practices on sustainable
product innovation in the manufacturing sector. On the contrary, improving labor condi-
tions has a positive moderating effect, since the link between the adoption of environmental
practices and sustainable product innovation is strengthened as a result of the moderating
effect of the improvement in labor conditions (e.g., promoting and improving diversity and
equality in the workplace). The results indicate that when the level of improvement in labor
Int. J. Environ. Res. Public Health 2021, 18, 2588 15 of 22
conditions is high, organizations that have adopted environmental practices are more likely
to develop sustainable product innovation successfully. Therefore, the relevance of firms to
offer and promote improvements in the safety and health of employees, better working
conditions, and treatment of workers in terms of equity and diversity is noteworthy.
4.1. Theoretical Contributions
From a theoretical point of view, this research provides interesting insights related to
theory development in the fields of environmental management and sustainable product
innovation research. Sustainable innovation practices have received much attention in the
literature, also centered on the study of manufacturing firms with the aim of understanding
their drivers and how environment-related outcomes can be fostered [77]. Sustainable
product innovation, together with its determinants and consequences, has been widely
studied in the literature [6,15,46]; however, there are still some firm variables that have not
been brought to the forefront and that we think are important, e.g., firm growth. Although
some efforts have been made to study financial resources as an antecedent of sustainable
product innovation [22], firm growth as a driver of sustainable product innovation has not
received attention in the literature. Thus, this study introduced firm growth, in terms of em-
ployees and turnover increase, as a driver for sustainable product innovation, contributing
to the introduction of sustainable products in the firm. Hence, our results show that firm
growth plays a significant role in the development of sustainable product innovation, some-
thing that has not been paid attention to previously in the sustainable and environmental
management literature. Furthermore, while it has been studied in relation to sustainable
product innovation, we introduced the mediating role of the adoption of environmental
practices for which we also found a gap in the literature in terms of its relation to firm
growth as an antecedent. In this sense, we found a partial and positive mediation effect
of the adoption of environmental practices on the relationship between firm growth and
sustainable product innovation. Additionally, previous research has studied managerial
and operational barriers as moderating variables in the context of proactive environmen-
tal strategy [34]; however, no specific study seems to have attempted to examine these
moderating roles and the improvement in labor conditions in regard to the relationship
between the adoption of environmental practices and sustainable product innovation.
Therefore, this research enhances the current knowledge in the literature of environmental
management by studying the moderating roles of managerial and operational barriers and
labor conditions in terms of their relationship with sustainable product innovation.
4.2. Managerial Contributions
From the managerial perspective, this research demonstrates the relevance of firm
growth and the adoption of environmental practices in the success of sustainable product in-
novation. Hence, organizations in the manufacturing sector should pay particular attention
to the effect of firm growth on sustainable product innovation to build superior capabilities,
change organizational practice, and achieve superior outcomes by implementing innova-
tion practices. Accordingly, it is relevant for organizations in such a sector to know how to
implement and enhance their sustainable product innovation. However, the findings of
this research show that organizations face obstacles such as the existence of managerial
barriers, which play an important role when organizations begin to adopt environmental
practices with the aim of sustainable product innovation. This is the reason why it is essen-
tial to decrease managerial barriers and provide resources in order to decrease the lack of
skills (including managerial skills) and some mechanisms in order to create environmental
awareness, thereby ensuring that the lack of willingness among management staff does not
affect the sustainable objectives of firms. In addition, the empirical evidence provided by
this study supports the necessity of improving working conditions of firms’ employees in
terms of promoting and enhancing diversity and equality in the workplace. For this reason,
firms should be aware of the importance of providing better and healthy labor conditions
during sustainable product innovation. Consequently, such organizations should invest
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in various indicators, such as better working conditions, fair treatment of workers, and
improvement in the safety and health of employees. Furthermore, when employees see
an improvement in their well-being, they perform their work in a more productive and
motivated manner, which leads to them being involved and showing pro-environmental
behavior in the workplace.
4.3. Limitations and Future Research Directions
There are some limitations to this research that require further consideration. First, this
study was based on firms from the manufacturing sector; hence, a replication of this study
in other sectors (such as the service sector) could be employed to compare the findings and
to study if there are specific differences between sectors. Second, the studies that explore
sustainable product innovation and firm growth as one of its antecedents have received little
attention. Third, according to the moderating effects, only three variables were measured;
therefore, further research should be conducted on other potential moderating effects, for
example, novelty-centered business model design and efficiency-centered business model
design (e.g., [125]). Firm growth could also be studied as a possible moderator of the
relationship between sustainable product innovation and its widely studied drivers, such
as cleaner production [62], corporate social responsibility [126], and innovation drivers (e.g.,
quality of products/services, productive capacity, flexibility in production/service, and
reduction in operating costs—for a review, see [127]). Additionally, it would be interesting
to analyze external barriers, since operational and managerial barriers are internal obstacles.
Thus, further research is needed to explore the effect of each of the obstacles (e.g., lack
of skills, lack of willingness among the management, lack of technology infrastructure,
and lack of financial resources, among others) as well as the implementation strategies of
working conditions (promoting and improving diversity and equality in the workplace,
pro-environmental initiatives, etc.) to obtain helpful information for companies regarding
which factors are most influential. In addition, future research should investigate the
moderating effect of operational barriers in different contexts on the link between the
adoption of environmental practices and sustainable product innovation.
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Appendix A
Table A1. Variable description.
Construct Item Measure Type
Independent variables
Firm growth FG1 1 if the firm has grown in terms of turnover since 2016, 0 otherwise Dichotomous
FG2 1 if the firm has grown in terms of number of employees since 2016, 0 otherwise Dichotomous
The adoption of
environmental practices
AEP1 Recycling or reusing materials Dichotomous
AEP2 Reducing consumption of or impact on natural resources (e.g., saving water or switchingto sustainable resources) Dichotomous
AEP3 Saving energy or switching to sustainable energy sources Dichotomous
Managerial barriers MB1 Lack of skills, including managerial skills Dichotomous
MB2 Lack of willingness among management staff Dichotomous
Operational barriers OB1 Lack of technology infrastructure Dichotomous
OB2 Lack of financial resources, including those from available support schemes Dichotomous
Improvement in
labor conditions
LC1 Improving the working conditions of employees Dichotomous
LC2 Promoting and improving diversity and equality in the workplace Dichotomous
Dependent variable Sustainable product
innovation
SPI1 The introduction of innovation with environmental benefits, including innovations withan energy or resource efficiency benefit during the past 12 months Dichotomous
SPI2 The firm is actively developing sustainable products or services Dichotomous
Control variables
Firm age Number of employees Continuous
Firm size The duration from the year in which the firm was established to the sample year (2019) Continuous
Annual turnover It is represented by eight categories:(1) 150,000 or less Categorical
(2) more than 150,000 and up to 760,000
(3) more than 760,000 and up to 1.5 million
(4) more than 1.5 million and up to 3 million
(5) more than 3 million and up to 7.6 million
(6) more than 7.6 million and up to 15 million
(7) more than 15 million and up to 76 million
(8) more than 76 million
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